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A Preliminary Report on the Comparative Morphology 
of the Shoot Apex of l'soetes Macrospora Dur. and 
Some Effects of Experimentally Applied 
lndole-3-Acetic Acid and Gibberellic Acid 
DANIEL R. ZINDA 
Moorhead State College, Moorhead, Minnesota 
ABSTRACT - /soeles mocrosporo Dur. was found growing in 20 inches to 4 ft . of water in sev-
eral sandy-bottomed lakes in Itasca County, Minnesota. The pH of the lakes was about 6 and the 
chorocterislic tree species of the immediate shorelines were: Thujo occidentolis, Pinus resinoso, 
Abies bo/someo, Populus tremu/oides, and Betu/o popyrifera. Experimental and normal plants 
were grown submerged in 1-liler beakers in the greenhouse for the 2-week experimental period . 
The normal shoot apex of /. macrospora is described as having three zones. Zone I, the melra-
meristem, consists of the superficial layer of initials which divide usually by onticlinol divisions 
and sometimes periclinol divisions, and the underlying region of irregularly dividing initials . 
Lolero'lly the metromeristem contributes to zone II, the flanking meristem which gives rise to leaf 
primordia and primary cortical tissue. Underlying the metromeristem is zone Ill, the central rib 
meristem which is responsible for growth in length of the plant axis, and is distinguishable from 
the flanking meristem by position and orientation of cell files. Apical dome height and zonation 
is similar to that of other species of /soetes. Experimental plants were treated l and 2 weeks 
with 10 ppm, 30 ppm, and 70 ppm IAA; 10 ppm, 30 ppm, and 70 ppm GA; and several plants 
sprayed with a 90 ppm waler solution of GA. A proliferation of cortical tissue in the upper port 
of the corm resulted in plants treated 2 weeks with 30 ppm and 70 ppm IAA. The other treat-
ments produced no obvious results. 
This investigation deals primarily with the compara-
tive morphology of the normal shoot apex and the ef-
fects of indole-3-acetic acid (IAA) and gibberellic acid 
(GA) on the shoot apex of hoetes macrospora Dur. 
The single genus lsoetes comprises the order Isoetales, 
and is one of four extant genera in the subdivision Ly-
copsida. A recently reported plant named Stylites andi-
cola has been tentatively assigned to this order. Amstutz 
(1957), as reported by Dittmer (1964), stated that too 
little is known at present to indicate whether it is really 
a new genus or just another species of lsoetes. The more 
than 60 species included in the genus range in habit from 
immersed aquatics to strictly terrestrial forms (Foster 
and Gifford, 1959). 
The morphology of Isoetes has been described by 
many authors (Bower, 1935; Eames, 1936; Haupt, 1953; 
Smith, 1955; Bold, 1957; Foster and Gifford, 1959; Pao-
lillo, 1963; Dittmer, 1964) . The interpretation generally 
followed in this paper is that of Foster and Gifford 
(1959) . 
lsoetes, a perennial plant, has a short erect corm-like 
axis bearing grass-like leaves and dichotomously branch-
ing roots. The corm1 is divided into two or three lobes 
An independent study presented to the graduate faculty of 
Moorhead State College in partial fulfillment of the require-
ments for the M.S. degree in Education . The author expresses 
his gratitude to Dr. Genevieve King for her assistance and to 
Dr. Robert J. Tolbert for his guidance and suggestions through-
out the investigation. 
Mr. Zinda received the B.A. in 1964 and the M. Sc. in 1965 
from Moorhead State College. He is currently a teacher of 
science in the Fergus Falls High School. 
'The term corm will be used throughout the investigation 
with the knowledge that the plant axis of lsoetes does not depict 
a ..:orm in the true structural sense . 
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depending upon the species. Numerous adventitious roots 
arise in an orderly arrangement from the corm (Paolillo, 
1963) . The leaves arise spirally from an apical meristem 
located within a deep conical depression in the upper 
part of the corm. DistaUy the leaves contain four septate 
longitudinal air chambers. Located on the adaxial side 
near the base of each fertile leaf is a sporangium parti-
ally covered by a protective flap called the velum. Lo-
cated just above each sporangium is a triangular ligule. 
The whorl-like spiral of megasporophylls surround the 
more centrally located microsporophylls . Endosporic de-
velopment of the gametophytes occurs after the spores 
are shed. Microgametophyte development takes place en-
tirely within the spore wall, whereas a small portion of 
the megagametophyte bearing the archegonia is exposed 
along the ruptured triradiate ridges. Four multiflagellate 
sperms are produced in the antheridium of the male 
gametophyte. In the female gametophyte the mature 
archegonium consists of four tiers of neck cells, a neck 
canal cell, a ventral canal cell, and an egg cell. The com-
plex internal structure of the corm-like axis of / soetes has 
recently been reviewed by Paolillo ( 1963) and will not 
be described here. 
Detailed discussion of plant growth regulators and 
their physiological action has been given by several au-
thors (Went and Thimann, 1937; Skoog, 1951; Leopold, 
1955, 1964; Went, 1962). The naturally occurring auxin 
IAA is found in diverse plant tissues and can either stim-
ulate or inhibit certain growth functions . Some responses 
of plants to treatment with IAA include vascular tissue 
formation from undifferentiated pith sections in Nico-
tiana tabacum (Clutter, 1960), callus formation in ex-
cised fruit tissue ( Schroeder and Spector, 1957), inter-
node dongation in bean seedlings (Mitchell, Skaggs, and 
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Anderson, 1951), cambium activation in various plants 
( Leopold, 1964), and meristematic callus tissue forma-
tion in decapitated sunflowers (Blum, 1941 ). Stem elon-
gation in various plants resulting from exogenously ap-
plied IAA has also been reported ( Leopold, 1964) . 
Treatments with gibberellin (GA) may also result in 
stem elongation. Nine separate gibberellins have been 
isolated from plants. Each exhibits growth promoting ef-
fects. A cabbage treated with GA may elongate to a 
height of 6 feet ( Leopold, 1964). Other plants exhibit-
ing stem elongation upon treatment with GA include 
beans, beets, celery, corn, eggplant, flax, onion, potato, 
sugar cane, tobacco, tomato, turnip, pines, spruces, pop-
lars (Marth, Audia, and Mitchell, 1956). Additional re-
sponses to GA application are petiole elongation, in-
creased lateral branching (Marth et. al., 1956), callus 
formation in excised fruit tissue ( Schroeder and Spector, 
1957), cambium activation in various plants ( Leopold, 
1964), adventitious root production, early flowering, 
shorter seed germination time, reduced fruit yields, and 
increased dry weight and length of rice leaves (Stowe and 
Yamaki, 1957) . 
It has been suggested by Kelford and Goldacre ( 1961) 
that the physiological action of GA and !AA differ. GA 
is not considered an auxin and is thought to be dependent 
upon an auxin for its growth stimulatory effects. Plant 
tissues exhibiting growth responses to IAA alone are 
thought to be self-sufficient in GA. Those responding to 
GA alone arc thought to be self-sufficient in IAA. 
The treatment of Jsoetes with growth stimulating sub-
stances was prompted by statements on the growth habit 
of Jsoetes as being like that of a stunted Lycopod (Scott 
and Hill, 1900; Bower, 1935; Eames, 1936). 
Materials and Methods 
All plants of Jsoetes macrospora Dur. used in the ex-
periment were collected in from 20 to 30 inches of water 
on the west side of Coon Lake, 47 ° 42' 49" N. and 93 ° 
34' I 2" W., Itasca County, Minnesota, on June 10, I 965. 
Additional populations of /. macrospora were located 
and identified in other lakes to give some indication of 
the range of the species. Plants were located in adjoining 
Sandwick Lake, Horseshoe Lake, 4 7° 38' 56" N. and 
93° 30' 24" W., and nearby Eagle Lake, 47° 39' 4" N. 
and 93 ° 28' 48" W. The material was transferred to the 
greenhouse in small containers filled with water from 
Coon Lake and planted in aquaria containing several 
inches of sand from the collecting site. The plants were 
covered with 10 inches of a 1-1 mixture of tap and lake 
water. 
After a week, 70 plants that exhibited new growth 
were transferred to 14 I-liter beakers with 2 inches of 
sand and a 1-1 mixture of tap and lake water. The beak-
ers with five plants each were placed in a 50-gallon wa-
ter bath with the temperature maintained at 20 to 23 C 
(Fig. 2). The pH was adjusted to 6.3 using a .0 I M 
Clark and Lubs buffer mixture of NaOH and KH 2PO~ 
(Lang, 1961). The pH was deterniined with a Beckman 
pH meter. Illumination in the greenhouse was provided 
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by natural daylight through frosted glass and venetian 
blinds. 
Two series of experiments, 1 week and 2 weeks in 
duration respectively, were performed after which plants 
were collected and killed. Each series contained seven 
beakers of plants growing in 10 ppm, 30 ppm, 70 ppm, 
IAA; 10 ppm, 30 ppm, 70 ppm, GA. A beaker of the 
.01 M butter solution was used as a contro'I. In addition 
a one-liter beaker with six plants rooted in water-satu-
rated Pelonex 2 contained within a two gallon glass-cov-
ered aquarium was used. This arrangement was placed 
in the water bath (Fig. 2) and the plants sprayed every 
other day during the experimental period with a 90 ppm 
water solution of GA. 
The first series of plants and three of the sprayed 
plants were collected after one week of growth and the 
second series and the remaining three sprayed plants 
after two weeks. The leaves and roots were carefully 
trimmed away and the corm of each plant , killed and 
fixed in F.A.A. (375 parts isopropyl alcohol , 24 parts 
glacial acetic acid, 32 parts formalin, and 375 parts wa-
ter), were evacuated, dehydrated in an isopropyl alcohol 
series, and embedded in Paraplast (m .p. 56-67 C). Sec-
tions were cut at IOµ, with a rotary microtome and stained 
in Heidenhain's hematoxylin, safranin, and fast green. 
Isopropyl alcohol was substituted for ethyl alcohol 
throughout. Several additional plants, killed and fixed at 
the collection site, were treated in the same manner and 
included for study. 
TERMINOLOGY - Metrameristem: / soetes macrospora 
Dur. has a zoned apex consisting of a central core of tis-
sue extending to the surface surrounded by a flanking 
meristem and an underlying rib meristem. I have called 
this central core of tissue the metrameristem (Johnson 
and Tolbert, 1960) and consider it to include the super-
ficial layer and immediate underlying zone of irregularly 
dividing cells ( Fig. I). The term metrameristem, as pro-
posed by Johnson and Tolbert (1960) is " . . . the cen-
tral part of the shoot apex which maintains itself, con-
' 
~ , , / ',,,, '~ 
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FIGURE I. Zonation of the shoot apex of /soetes macrospora Dur. 
- I. Metrameristem, including the superficial Iayer (A) and 
irregularly dividing zone of tissue (B). - II. Flanking meristem. 
- III. Rib meristem. 
"The commercial name for exploded volcanic ash material, 
relatively inert in composition, used primarily in greenhouses for 
rooting plant cuttings. 
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FIGURE 2. The water bath containing beakers of experimental and control plants of I.metes macrospora Dur. Experimental beaker of 
plants rooted in Pelonex is seen in the covered battery jar in the upper right. 
FtGURE 3. An atypical corm with leaves and roots removed showing the location of three shoot apices. X 8. 
FIGURE 4. Corms of plants with leaves and roots removed after 2 week's treatment with IAA.-Top. IO ppm IAA.--Center, x 30. 
ppm IAA. - Bottom. 70 ppm !AA. Note the degree of response in the top part of the corms for different concentrations of IAA. 3. 
FIGURE 5. Corm of a control plant with leaves and roots removed after 2 weeks growth. X 3. /For 6-/0, see page I JO) 
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FIGURE 6. Habit of a small I. macrospora plant showing the current year's growth of leaves in the center and dead leaf bases at the 
periphery. Roots are seen at the bottom. X 4. 
FIGURE 7. Corms of plants with leaves and roots removed after 2 weeks treatment with GA. -Top. 10 ppm GA. - Middle 30 ppm 
GA. - Bottom 70 ppm GA. X 3. 
FIGURE 8. Megaspores of /. macrospora. Note the parallel-walled reticulation between the triradiate ridges. X 46. 
FIGURE 9 and 10. Median longitudinal section through the corm perpendicular to the furrow. FIGURE 9. A control plant grown for 
two weeks. X 45. FIGURE 10. A plant treated 2 weeks with 20 ppm IAA. Note the dark staining vascular tissue and cambial region. 
X 45. 
tributes peripherally to the growth and organization of 
the apex, but exhibits little or no evidence of tissue seg-
regation." The inconsistent terminology in the literature 
on apical meristems ( Clowes, 1961) justifies use of the 
term metrameristem. Johnson and Tolbert (1960) be-
lieve there is justification for a unifying term, such as 
metrameristem, that can be applied to the central core of 
tissue in shoot apices throughout vascular plants, includ-
ing the pteridophytes. The term metrameristem refers to 
the same group of cells as the protomeristem, a term re-
cently elaborated by Esau ( 1965). 
IDENTIFICATION OF SPECIES: A small plant of Isoetes 
macrospora (Fig. 6) depicts the characteristic two-lobed 
corm of the species. The chief criteria used in identifica-
tion were the size of the megaspores, 600-800 µ, in di-
ameter, the parallel-walled reticulation of the upper three 
megaspore faces (Fig. 8), and the honeycomb reticula-
tion of the basal half of the megaspores (Fernald, 1950). 
Result5 
ECOLOGY: I soetes macrospora was found growing in 
several sandy-bottomed lakes in Itasca County at a mini-
mum depth of 20 inches. At the collecting site plants 
were found growing as close as 20 feet from the shore-
line. Growth was also observed in water to a depth of 
four feet or more. 
Growth of three or four plants in compacted clusters 
was often observed, although growth about 10 inches 
apart appeared to be the usual pattern. Growing in close 
association with /. macrospora was a small unidentified 
grass-like plant with narrow leaves 2 to 3 inches long and 
with a thin interconnecting rhizome. In Eagle Lake a 
species of Equisetum was found growing with /. macro-
spora. A mat of algae, made up predominantly of sev-
eral Spirogyra, Zygnema, and Oedogonium species, com-
pletely covered the /. macrospora plants in about a 10-
foot square area of the collecting site. 
The dominating tree species of the immediate shore-
line were identified as Thuja occidentalis, Pinus resinosa, 
A bies balsamea, Populus tremuloides, and Betula papy-
ri/ era. The same tree species were observed on the shore-
lines of Sandwick Lake, Eagle Lake, and Horseshoe Lake 
in which /. macrospora was located. Although an exten-
sive search was not made, /. macrospora was not found 
in Antler Lake, Clubhouse Lake, Babson Lake, and 
Johnson Lake. Trees on the shorelines of these lakes 
were predominantly elms, ashes, maples, and willows. 
The pH of the water in each lake was roughly deter-
mined with wide range pH paper. 3 At the collecting site 
in Coon Lake and the other lakes where /. macrospora 
was found the pH was about 6. A pH of about 7 was 
common in the lakes mentioned above where /. macro-
spora was not found. 
All the collected plants maintained in the greenhouse 
at pH 6.3 appeared healthy and exhibited new growth. 
THE NORMAL SHOOT APEX: The shoot apex of Isoetes 
macrospora is located within a deep conical depression 
on the upper part of the corm axis. The apex is not vis-
ible externally owing to the position of the young leaves 
crowded above it (Fig. 9). Microscopic examination of 
median longitudinal sections revealed a small apical 
dome normally 1 to 2 cells in height from the level of the 
flanks ( Figs. 14 & 16). The width of the dome varied 
from 3 to 6 cells. In locating the median longitudinal sec-
tion difficulties were often encountered. Leaf primordia 
arising spirally, closely resembled the apical dome in size 
and shape. An easy method was found for distinguishing 
the median section by position of adjacent structures. On 
either side of the apical dome in longitudinal sections a 
flattened or somewhat depressed area approximately 10 
to 30 µ, wide was evident. This area represents a short 
space between the apical dome and the axil of the adja-
cent leaf primordia. Only in sections immediately adja-
cent to the apex were the flattened areas evident (Figs. 
11, 12, 16) . By following serial sections from one flat-
tened area to the next, I was able to distinguish the me-
dian by choosing the section with the highest apical 
dome. 
In a transverse series the apical dome appeared circu-
lar to ellipsoidal (Figs. 11, 12). The surface of the apex 
3 A wide range pH paper, pH 1-11, produced by Micro Essen-
tial Laboratory, Brooklyn 10, New York. 
FIGURE 1 I. Transverse section through the summit of the shoot apex of a normal plant. Note the apical initials and the surround-
ing leaf primordia. X 475. 
FIGURE 12. Transverse section through the dome of the shoot apex 10,u below that seen in Figure 1 I. X 475. 
FIGURE 13. Median longitudinal section through the shoot apex perpendicular to the furrow. A plant treated 2 weeks with 10 
ppm !AA. Note the light staining cells with large light staining nuclei in the metrameristem. Below the metrameristem note the 
files of cells in the central rib meristem. X 475. 
FIGURE 14. Median longitudinal section through the shoot apex parallel to the furrow. A normal plant. Note to the left at the 
base of the apical dome the two recently divided cells, the flanking meristem to the left showing cell files, and the defined pattern 
of the metrameristem. X 475. 
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FIGURES 15-18. Median longitudinal sections through the shoot apex perpendicular to the furrow. FIGURE 15. Shoot apex of a 
plant treated 2 weeks with 30 ppm IAA. Note the well defined pattern of the metrameristem. X 475. FIGURE 16. Shoot apex of a 
control plant grown for 1 week. Note the initiation of a leaf primordium by periclinal divisions in the superficial layer just to 
the left of the apical dome. X 475 . FIGURE 17. Shoot apex of a plant treated 1 week with 30 ppm GA. Note the single cell at the 
summit of the apex. X 475. FIGURE 18. Shoot apex of a plant treated 2 weeks with 70 ppm IAA. Note the high apical dome, 
the lack of differential staining qualities in the metrameristem, and the unorganized cell pattern. X 475 . 
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had a single layer of superficial cells usually dividing an-
ticlinally and occasionaHy dividing periclinally ( Figs. 11-
14). The superficial layer of the apex extended distally 
as far as the spirally arranged leaf primordia. Underlying 
the superficial layer was a zone of somewhat irregularly 
dividing cells normally encompassing almost the entire 
width of the apical dome and extending to a depth of 3 
to 4 cells. 
The shoot apex had a definite cytohistological zonation 
and is represented diagramatically in Fig. 1. Zone I is the 
metrameristem and is composed of the superficial layer 
covering the apical dome (A), and the underlying zone 
of irregularly dividing cells ( B) . Cytologically the met-
rameristem can be distinguished from the flanking and 
rib meristem. The cells of the metrameristem often ex-
hibit lighter staining qualities, and the nuclei are consis-
tently larger and usually [ighter staining (Figs. 13-17). 
A consistent pattern of cells was not exhibited in the 
metrameristem of all plants, but in about 50% of the 
apices studied some semblance of organization was seen 
(Figs. 14, 15). Single apical cells were distinguishable 
in less than 40% of the apices studied (Figs. 13, 15, 
17). 
Zone II in Figure 1 represents the flanking meristem 
that adds primary cortical tissue laterally and is the site 
for the origin of leaf primordia. Leaf primordia arise 
from periclinal divisions in the superficial layer immedi-
ately adjacent to the apical dome ( Figs. 14, I 6). Paral-
lel files of cells are evident in the area below the super-
ficial layer of the flanking meristem. Highly vacuolate 
cells are encountered at about two cells depth below the 
superficial layer (Figs. 14, 15). A short central rib mer-
istem is represented diagramatically in zone III. In over 
70% of the apices studied short files of 3 to 6 cells in 
length were found ( Fig. 13). The cells of the central rib 
meristem were usually distinguishable from those of the 
metrameristem because of their highly vacuolate condi-
tion. No differences in vacuolation occur between the 
cells in zones II and III. The two zones are distinguish-
able by position and orientation of cell files. 
The shoot apex of one plant killed and fixed at the col-
lecting site had branched twice to produce three apices 
(Fig.3). 
EXPERIMENTAL PLANTS: The roots and leaves of 
treated pfants examined microscopically showed little de-
viation from those of control plants. Plants treated one 
and two weeks with 70 ppm IAA showed definite inhibi-
tion of roots. The new roots that were produced were 
very short when compared with controls and exhibited 
no branching. Roots of plants treated in the other solu-
tions of fAA and GA appeared normal. The leaves of 
treated plants, which otherwise appeared normal, ex-
hibited curvature in several directions . 
After 2 weeks treatment, plants growing in 70 ppm 
and 30 ppm IAA showed a response in the upper part of 
the corm. The most marked response was shown in 
plants treated in the first solution with less shown in the 
second and no visible response in IO ppm IAA (Fig. 4). 
The tissue produced at the top of the corm was light 
112 
green with many small protuberances ansmg from the 
top surface. In longitudinal section the area of new 
growth, as seen externally (Fig. 4 center and bottom), 
could not be distinguished from cortical tissue. The pro-
tuberances appeared to be proliferated outgrowths of 
cortical tissue. 
This response was not seen in the first series of plants 
treated in IAA for one week. Corms of plants treated 
one and two weeks with 70 ppm, 30 ppm, and IO ppm 
GA showed no differences when compared with the 
corms from control plants (Figs. 5, 7). There was no 
apparent response in the corms of plants treated one 
week with 70 ppm, 30 ppm, and 10 ppm lAA, or in 
those plants treated two weeks with 10 ppm IAA (Fig. 
4). Corms from plants rooted in Pelonex and sprayed 
for one and two weeks with 90 ppm GA showed no dif-
ferences when compared with controls. The leaf tips of 
the sprayed plants appeared to be dying, but otherwise 
looked normal. 
Several of the plants treated with GA and IAA showed 
a darkly stained cambial region in longitudinal section. 
The cambial region of a normal plant (Fig. 9) shows no 
dark staining qualities as compared with the dark stain-
ing cambial region of a treated plant (Fig. 10). This 
phenomenon, it is hoped, will be investigated more thor-
oughly in the future. 
The shoot apex in the majority of plants treated ex-
perimentally showed no deviation from the normal. Pho-
tomicrographs of apices from both treated and normal 
plants, showing similar characteristics, were included for 
comparison and discussion. 
Of the 66 plants treated experimentally, only one plant 
treated with 70 ppm IAA for two weeks showed any 
significant deviation from the normal shoot apex (Fig. 
18). The apical dome expanded to a height of about 4.5 
cells and exhibited a definite lack of cellular organization 
in comparison to normal apices. The lighter staining 
qualities of the cells and nuclei in the metrameristem as 
compared to the normal were not evident, and the nuclei 
showed little size differences in relation to those of the 
surrounding area. 
Discussion 
The discovery of lsoetes macrospora in several lakes 
in Itasca County adds to previously reported locations in 
Minnesota. Pfeiffer (1922) reported / . macrospora 
growing in Cook County and Tryon ( 1954) listed in ad-
dition, St. Louis and Lake Counties. Easy location of 
this species might be achieved by noting shoreline tree 
species and pH of the lake. Although no conclusive evi-
dence is afforded, a pH of about 6, water depth of from 
20 inches to 4 feet, and the presence of Thuja, Pinus, 
Abies, Populus, and Betula species on the shoreline may 
indicate conditions favorable for growth of l. macro-
spora. 
In the greenhouse, /. macrospora grew well submerged 
in 5 inches of water. In nature, the plant was not found 
in water less than 20 inches deep. This might indicate 
that shallowness of the water is not crucial for growth, 
rather that some other factor-perhaps the turbulence, 
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light intensity, or unstable conditions of the area-are 
responsible. My observations suggest that /. macrospora 
is able to compete quite well with other plants in the 
area of growth. Apparently the small unidentified plant 
with grass-tike leaves proved no hindrance to growth, 
and even the population of plants covered with the dense 
mat of algae grew well. In Eagle Lake /. macrospora and 
Equisetum grew well together. 
In median longitudinal section, the shoot apex of /. 
macrospora appears as a small dome-shaped structure. 
This agrees with the reports for /. Coromandeliana L. as 
cited by Bhambie (1957), /. sampathkumarani Rao, 
L.N., cited by Sharma (1961), and /. howellii Engelm. 
as cited by Paolillo ( 1963). The apical dome in Paolil-
lo's (1963) figures of /. howellii appear somewhat 
higher but no less wide than in /. macrospora (Figs. 13-
17). Width and height of the apical dome may compare 
more closely to that of /. sampathkumarani, reported by 
Sharma ( 1961 ) to be broad and not high. Variability of 
apical dome height is quite evident in /. macrospora, and 
is confirmed in the species of Isoetes, reported by Bham-
bie ( 1957) and Paolillo ( 1963) . Paolillo also stated that 
variations between different species exist in the shoot 
apex region. 
The method for determining the median section in a 
longitudinal series of the shoot apex proved to be a valid 
one. It consisted of choosing the section with the highest 
apical dome between two flattened areas 10-30 µ. wide, 
which represents the space between a leaf primordium 
and the base of the apical dome. Paolillo ( 1963) dis-
cussed a similar method, employed by Scott and Hill 
( 1900), in which serial sections were counted between 
opposing leaf primordia and the median section chosen 
from this sequence. He further stated that Scott and Hill 
believed the shoot apex of /. hystrix to be flat. Paolillo 
( 1963) questioned the validity of their procedure and 
suggested that a leaf primordia may have been errone-
ously identified as the shoot apex. It is possible that Scott 
and Hill identified a leaf primordium as the shoot apex 
in /. hystrix. It is also possible that the flattened area be-
tween a leaf primordium and the base of the apical dome 
was misidentified. 
Transverse sections of the apical dome of /. macro-
spora appear circular to ellipsoidal. Bhambie ( 1957) 
reported the shoot apex of/. coromandeliana to be circu-
lar in transverse section, and Paolillo's ( 1963) figures 
show a circular form for/. howellii. Bhambie (1957), 
Sharma (1961) and Paolillo (1963) described the super-
ficial layer and underlying zone of irregularly dividing cells 
in the shoot apex of /. coromandeliana, /. sampathkwna-
rani, and /. howellii, respectively. The shoot apex of /. 
macrospora exhibits zonation in agreement with their find-
ings, and I have called this zone the metrameristem after 
Johnson and Tolbert (1960). 
The shoot apex of /. macrospora as interpreted here 
includes the metrameristem, flanking meristem, and cen-
tral rib meristem diagrammed in Figure 1. 
The metrameristem is a definite cytohistological zone 
of the shoot apex that contributes to the flanking and 
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central rib meristems (Johnson and Tolbert, 1960). The 
apical initials of /. howellii described by Paolillo (1963) 
as " ... a group of cells in the distal region of the apex" 
correspond to the metrameristem zone in /. macrospora. 
This area can be distinguished in /. macrospora by light 
staining qualities of the cells and the large light staining 
nuclei ( Figs. 13, 15). Although the light staining fea-
tures of the cells are not always evident the characteris-
tic large nuclei are usually present (Figs. 13-17). Paolil-
lo's ( 1963) figures of /. howellii, stained with hematoxy-
lin-safranine-fast green, show almost no light staining 
cells in the metrameristem. However, the large light 
staining nuclei are evident. 
The cell pattern of the metrameristem evident in sev-
eral /. macrospora apices, seen clearly in Figure 15 is 
not present in Paolillo's (1963) figures of /. howellii. 
Also, the nucleoli visible in Paolillo's ( 1963) figures are 
not seen in /. macrospora. The existence of a single api-
cal cell in less than 40% of the apices studied leads to 
the conclusion that it is not a topographically permanent 
structure in /. macrospora. Figures of Paolillo (1963) 
show clearly similar flanking and central rib meristems 
seen in /. macrospora (Figs. 13-17). 
The rare occurence of an /. macrospora plant found 
with a branched axis is worth mentioning here ( Fig. 3). 
Bower ( l 935), Eames ( 1936), and Foster and Gifford 
(1959) reported that occasionally I soetes plants with a 
dichotomously branched axis are found. Eames ( 1936) 
stated further that on rare occasions a second dichotomy 
occurs and that branching in the genus has been almost 
entirely lost. 
Three living genera, Selaginella, Lycopodium, and 
Phylloglossum, in the subdivision Lycopsida, exhibit 
shoot apex organization differing in some ways from that 
of /soetes. Several species of Selaginella have a single 
tetrahedral apical cell with three cutting faces. The de-
rivative cells produced on the cutting surfaces divide 
periclinally forming an outer and an inner cell. The 
outer cell by subsequent divisions produces the epidermis 
and cortex. The endodermis, pericycle, and vascular tis-
sues are derived from the inner cell (Foster and Gifford, 
1959). Some species of Selaginella have two apical cells, 
whereas still others show no distinct apical cells but 
rather a surface meristem made up of unstratified cells 
dividing in various planes ( Popham, 1960). These three 
different patterns of shoot apex organization in Selagi-
nella have been classified as type I, type II, and type III, 
respectively, by Popham ( 195 l). 
The shoot apices of Lycopodium and Phylloglossum 
exhibit three zones. The cells of zone I, the surface 
meristem or superficial layer, divide more often by peri-
clinical divisions than by anticlinal and oblique divisions. 
Underlying the superficial layer is the central mother cell 
zone or central meristem. To the flanks of the central 
meristem is the peripheral meristem (Popham, 1951). 
Lycopodium, Phylloglossum, and lsoetes show zonation 
similar to /. macrospora in the shoot apex region. Cell 
division in the superficial layer of lsoetes is mostly by 
anticlinal divisions rather than the periclinal divisions 
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exhibited by Lycopodium and Phylloglossum (Popham, 
1951). Bhambie ( 1962) felt that the rare occurrence of 
periclinal divisions in the superficial layer of the shoot 
apex in /. coromandeliana indicates a more highly 
evolved condition than in Lycopodium and Selaginella. 
Since the frequency of periclinal divisions in the super-
ficial layer of Phylloglossum closely parallels those in 
Lycopodium, lsoetes may also be considered more highly 
evolved than Phylloglossum. Popham ( 195 l ) classified 
Lycopodium, Phylloglossum, and lsoetes as type III in 
his classification of shoot apices. 
It was the belief of Johnson and Tolbert (1960) " . .. 
that the concept embodied in metrameristem holds prom-
ise for the establishment of homology within the shoot 
apex and consequently will be valuable in comparative 
treatment." It is with this concept in mind that the fol-
lowing comparisons are made. Plants with shoot apices 
exhibiting zonation similar to /. macrospora include Hi-
biscus syriacus, Ginkgo biloba, and Cryptomeria japon-
ica. Tolbert ( 196 l) described the shoot apex of H. syri-
acus as having three zones. Zone I is the metrameiistem 
and includes two layers of tunica initials with an under-
lying corpus initial region. Lateral to the metrameristem 
is zone II, the flanking meristem. Zone III is the pith rib 
meristem underlying the metrameristem. 
A definite homology is indicated in a comparative con-
sideration of these three zones and the three zones de-
scribed in the shoot apex of /. macrospora. The two-
layered tunica of H. syriacus is comparable to the super-
ficial layer of /. macrospora. The cells in the superficial 
layer of /. macrospora divide occasionally by periclinal 
divisions whereas the cells of the two layered tunica of 
H. syriacus divide only by anticlinal divisions. The zone 
of irregularly dividing cells underlying the superficial 
layer in the shoot apex of /. macrospora is analogous to 
the corpus initial zone in H. syriacus with a possible 
homology indicated. The flanking meristem of both ge-
nera are similar, both zones being the region for origin 
of leaf primordia. The rib meristem of/. macrospora and 
the pith rib meristem of H. syriacus are comparable in 
that they are both derived from the base of the metra-
meristem and are responsible for elongation of the plant 
axis, although the final pattern of differentiation is dif-
ferent in the two plants. 
The shoot apex of Ginkgo biloba has been described 
by Foster ( 1938). The following discussion of the shoot 
apex in G. biloba will be Foster's ( 1938) interpretation 
as adopted by Gunckel and Wetmore ( 1946) . Zonation 
of the shoot apex in G. biloba is similar to that in /. 
macrospora. The apex itself has a broad low dome with 
a small single-layered group of apical initials that con-
tributes to the surface layer by anticlinal divisions and to 
the central mother cell zone by periclinal divisions. De-
rived from and surrounding the central mother cells is a 
transition zone. Toward the flanks the transition zone 
gives rise to the peripheral subsurface layers and at the 
base, to the pith rib meristem. Occasionally periclinal di-
visions in the surface layer contribute to the peripheral 
subsurface layers. Application of the metrameristem con-
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c~pt to the apex in G. biloba would include the central 
mother cell zone and the overlying apical initials and sur-
face layer. 
Similarities and differences in the shoot apices of G. 
biloba and /. macrospora can now be quite easily de-
fined . The apical initials and surface layer of G. biloba 
are comparable to the superficial layer of the metrameri-
stem in / . macrospora. Both zones contribute laterally by 
anticlinal divisions and to the subsurface layers by peri-
clinal divisions. The central mother cell zone of G. bi-
loba is analogous to the zone of irregularly dividing cells 
in the metrameristem of /. macrospora. Contributions to 
the flanks and from the base of the metrameristem are 
similar in both genera, with the exception of the pe-
ripheral transition zone in G. biloba. 
Cross ( 1941) described the shoot apex of Cryptome-
ria japonica as consisting of four regions. A group of 
apical initials usually dividing anticlinally, contributing 
laterally, and occasionally periclinally, to the underlying 
central initials. The central initials contribute 1aterally to 
the subapical meristematic flanks and basally to the pith 
mother cells. For comparative purposes the metrameri-
stem in C. japonica would include the apical initials and 
underlying central initials. Similar divisions occur in the 
surface initial zones of the metrameristem in both C. 
japonica and /. macrospora. Contributions to the flanks 
and rib meristem are also comparable in both genera. 
As can be noted in the brief comparisons of the shoot 
apices of H. syriacus, G. biloba, C. japonica, and /. 
macrospora, and by use of the metrameristem concept, 
differences and especially similarities can easily be seen. 
The treatment of /. macrospora with various concen-
trations of IAA and GA produced little deviation from 
the normal. The inhibition of roots in plants treated with 
70 ppm IAA is typical. Leopold ( 1964) stated that 
roots of plants are particularly sensitive to IAA and that 
high concentrations may inhibit root growth. Apparently 
the 10 ppm and 30 ppm solutions of IAA were not con-
centrated enough to inhibit growth during the experi-
mental period. The atypical curvature of the leaves of 
treated plants was not investigated further. Leopold 
( 1964) stated that applications of IAA, in many plants, 
may cause uneven growth of the leaves. 
The response seen in the corm of plants treated 2 
weeks in 70 ppm and 30 ppm IAA is quite observable 
( Fig. 4, center and bottom). It is not known if cell divi-
sion or cell elongation was the cause of the response 
seen. The absence of a defined structural region in the 
cortex as a base for comparison, of experimental plants 
and control plants, allows no conclusions to be drawn at 
this time. The small protuberances present appeared to 
be proliferated outgrowths of the new cortical tissue. 
Evidently the l O ppm solution of IAA was not concen-
trated enough to produce the effect seen in the higher 
concentrations of IAA during the experimental period. 
The corms of plants treated with GA showed no re-
sponse. Marth et. al. (I 95 6) listed a large number of 
plant species responsive to treatments with GA. It is 
hoped that future investigations will employ the use of 
The Minnesota Academy of Science 
higher concentrations of GA and, in addition, mixtures 
of IAA, GA, kinetin, and other growth regulators. 
The plants sprayed with a 90 ppm solution of GA 
grew quite well. I. macrospora is an aquatic species, but 
terrestrial species are also known in the genus (Fernald, 
1950). The growth of I. macrospora, a strictly sub-
merged aquatic species, out of water in a humid atmos-
phere indicates the versatility of the species. 
The shoot apices of all treated plants exhibited a re-
markable stability in the presence of the growth regu-
lators. Sussex ( 1963) pointed out the stability of meri-
stems even from the time they are first initiated. Ball 
( 1944) treated the shoot apex of Trapaeolum majus L. 
with IAA and noted no change in its embryonic charac-
teristics. He also observed that apices exhibiting abnor-
mal growth recovered and continued their normal mode 
of growth. The presence of only one experimentally 
treated apex of I. macrospora exhibiting abnormal 
growth may in part be explained by the findings of Ball 
(1944). 
It may be concluded that although no elongation of 
the corm-like axis of I. macrospora occurred, it is ob-
servable that the plant was responsive to treatment. Fur-
ther treatment with a wider variety of growth regulators 
or mixtures of growth regulators may give some insight 
into the control of growth and differentiation as well as 
the possible evolutionary history of I. macrospora . 
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Long-Term Analysis of Atmospheric Pollen 
AGNES HANSEN AND A. ORVILLE DAHL 
Department of Botany, University of Minnesota, Minneapolis 
Detailed analysis of air-borne pollen has been carried on continuously by the University of Minnesota's Depart-
ment of Botany since 1932. At that time a pilot operation was instituted after considerable observation of anemophi-
Ious species in the field. Pollen of many species from 50 different genera regularly occur each season on the De-
partment's sampling slides. The ten most abundant kinds of air-borne pollen (arranged in order of decreasing im-
portance) are: Ambrosia (ragweeds), Artemisia (wormwood-sage), Gramineae (grass), Chenopodiales (Russian 
thistle, pigweeds), Rumex (dock), Quercus (oaks), Ulmus (elms), Betula (birches), and Urtica (nettles). Such 
factors as precipitation, wind direction, and temperature, influence the record of pollen on the sampling slide. The 
date of the highest 24-hour concentration of any specific kind of pollen varies over the years. For example with 
ragweed pollen, the average date of highest 24-hour cO"ncentration was August 25; the earliest and latest maxima 
were observed, respectively, on Aug. 22, 1957 and Sept. 8, 1947. The range in total seasonal concentration of pol-
len ( expressed as number of pollen grains per square centimeter of surface of the sampling slide) may vary exten-
sively. With reference to ragweed pollen, a mean value of 3,300 pollen grains has been observed with a range of 
1,324 (in 1962) to 6,530 pollen grains (in 1946). 
Reprinted from Proceedings of the Atmospheric Biology Conference. 1965., pp. 145-/50. 
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